lined by Bull (1949) , and is essential for all varieties of intraventricular tumours. The shape and site of the shadow and other features in the case may-as in colloid cysts, intraventricular meningioma and papilloma and pineal tumourssuggest the pathological diagnosis. In pineal tumours, the possibility of seeding should be borne in mind, for in the variety known as atypical teratoma, a deposit of tumour may occur in the region of the supra-optic recess giving rise to disturbances of tuberal function, and may be recognized by careful scrutiny of the shape of the ventricle.
It is in such cases that a positive contrast medium (e.g. Myodil) can give additional help by providing finer detail. This is particularly so in lesions of the aqueduct, such as stenosis and tumour, which still further narrow or otherwise deform this already narrow passage. Tumours of the pons displace the aqueduct upwards, and the fourth ventricle backwards. A combination of air and Myodil, or air introduced above the lesion by ventricular puncture and below it by lumbar puncture may outline a fourth ventricle tumour clearly and safely. Finally, lesions straddling the foramen magnum (e.g. Arnold-Chiari malformations) may be revealed by a combination of air ventriculography and Myodil myelography. REFERENCE BULL, J. W. D. (1949) Brain, 72, 487. Technique of Positive Contrast Myelography By G. F. SWANN, M.R.C.P. 1 na)n Introduction.-Reid and Tutton (1953) made the following observations: "Although there has been no fundamental change in the radiographic methods, the modern trend is to a more meticulous technique. By this means only are comprehensive radiographs of first class quality obtained upon which deductions of value can be based."
This statement remains true today, and this paper adds very little to the basic technique and is concerned with refinements. The introduction of a new X-ray table constructed, among other things, to deal with the difficulties of myelography stimulated an effort to improve technique. This paper is based upon these efforts. When the author first started using this tilting table, he was more than surprised to learn that the senior X-ray engineer mainly concerned with the design of it had never seen a myelogram and was reluctant to modify his machine. The author insisted that he should witness such an examination and, having done so, he expressed willingness and enthusiasm to alter the apparatus.
This incident draws attention to the fact that a close liaison should exist between radiologist and manufacturer to increase the diagnostic efficiency of apparatus, and is probably best illustrated by the fact that the long and close association between the late Professor Erik Lysholm and manufacturer George Schonander resulted in the Swedish Skull Table, which has not been bettered and which has been plagiarized by manufactuers throughout the world.
Contrast medium.-As long ago as 1919, Dandy predicted the use of air to demonstrate spinal tumours. Air and water-soluble contrast media will not be discussed in this paper. It should, however, be recorded that in 1922 Sicard and Forestier, using Lipiodol epidurally for the treatment of sciatica, noted that when some of this substance went into the subarachnoid space it was mobile, and they deliberately used it for myelography. Myodil is a synthetic refinement of this substance, for it is less viscous and does not cause a significant arachnoiditis. It was introduced in America for myelography by Steinhausen et al. in 1944. It is the most practical contrast medium to-day, and being heavier than cerebrospinal fluid it can be tilted through the subarachnoid space using the force of gravity.
The four principal aspects of the author's technique are: (1) An efficient harness. Harness.-An efficient harness is essential for myelography. It must be comfortable, give confidence and enable the patient to be tilted 75 to 80 degrees head or feet downwards. It must be easy to adjust and easy to disconnect rapidly in order to examine in the prone, supine or oblique position. Apologies must be made for these obvious statements, but often little regard is paid to the comfort of the patient who may slip out of an inadequate harness at a critical stage of the examination. It is important also for the radiologist to be comfortable so that he is able to control both the machine and the patient and perform his various manceuvres without effort. If he has to struggle with inadequate apparatus, he soon becomes exhausted and does not produce impeccable pictures. The harness designed for use with this machine is made of nylon ( Fig. 1) and was constructed by a maker of parachute harnesses. It is not at all bulky, and consists of separate upper and lower part; the upper part supports the patient in the head-down position and the lower part in the feet-down position. It is adjustable for different chest and pelvic measurements and its connexions to the table supports can be moved up and down the table. A quick-release mechanism enables the harness to be rapidly disconnected from the table-supports so that the patient may easily be moved. This is a comfortable harness. The author has tried it at 80 degrees head downwards for five minutes.
The Watson super tilt.-This new table (Fig. 2) has the great advantage that the under-couch X-ray tube is linked with another X-ray tube to take lateral pictures with a horizontal ray. The lateral screening unit supplied with this table has been modified and a film-carrier has. been affixed to it so that rapid serial films can be taken in a similar fashion to taking snap pictures of the duodenal cap during a barium meal examination. This table tilts 90 degrees each way at two speeds so that at the slower speed a very careful examination can be made.
In a c,onventional tilting table, the over-couch screen and under-couch X-ray tube are linked so that as the radiologist moves the screen the X-ray tube underneath the couch moves with it andji f6cused upon its centre. To take a lateral picture, however, another X-ray tube had to be brought into position from a distance, centred to where the Myodil was thought to be and the film fixed up against the patient, often only with sandbags. This was time-consuming, and often the Myodil had trickled away and therefore the films were inadequate. In this new table, the lateral X-ray tube is also linked with the undercouch X-ray tube and the over-couch screen; as the radiologist observes with the over-couch screen, the lateral X-ray tube will follow the Myodil as it is tilted through"the lighter cerebro- spinal fluid. When he has positioned the Myodil satisfactorily in the antero-posterior view and has taken an antero-posterior radiograph the lateral X-ray tube is automatically in the correct position, and all the radiologist has to do is to pull the lateral screen opposite this and observe the Myodil and take lateral radiographs with a horizontal ray. This cuts down the time of the examination and reduces the incidence of inaccurate positioning of the Myodil in the lateral films. In addition, the lateral screening and radiographic unit has been attached to the Potter-Bucky grid-carrier; it is counter-weighted and is therefore more manageable in the tilted positions and, because it is not attached to the table-top, is free from the harness connexions and can be moved into the desired position freely and rapidly. A special diaphragm is used with the lateral X-ray tube to produce a narrow strip of radiation which can be focused on the spinal theca. As the lateral position needs a larger amount of radiation to produce a good image, a sharper picture is obtained if scatter radiation is cut out by a narrow X-ray beam. 6. -A, a marker has been placed at the level of the block opposite the middle of the body of D.11. B, lateral view. c, when the patient is flexed the marker has moved up almost to the mid-point of the body of D.10. D, lateral view in the flexed position. These radiographs demonstrate the importance of allowing for the movement of the skin marker when the patient is put into the position favoured by the surgeon at laminectomy.
Technique
Introduction of Myodil.-The best way to introduce the Myodil into the subarachnoid space is under fluoroscopic control. The patient is put into the harness and turned into the lateral position. A short bevelled Greenfield needle is introduced into the lower lumbar theca. The table is then tilted 15 to 20 degrees head down. The radiologist has been accommodating before he performs the lumbar puncture and without looking directly at and in the light of a 25-Watt lamp, removes his dark glasses and performs the lumbar puncture. The nurse or assistant connects the syringe of Myodil to the lumbar puncture needle with a polythene connexion. The radiologist screens and the nurse very gently injects one drop of Myodil. By this method a very high percentage of injections of Myodil into the subarachnoid space should be accomplished.
This technique has been evolved because in a significant proportion of cases where the Myodil is introduced blindly, subdural injection occurs, particularly if a lumbar puncture has been performed recently. The presence of subdural Myodil often precludes a satisfactory examination.
The patient lies in the head-down lateral position and one drop of Myodil is injected. If this is accurately placed in the subarachnoid space, it very rapidly falls towards the head under the influence of gravity (Fig. 4) .
If the injection is in the subdural space, there is hardly any movement of the Myodil which spreads out as a blob or a streak.
Cisternal puncture is indicated if the patient is old or infirm or suffers from cardiorespiratory disease. The patient can then be tilted to the erect position and will not be subjected to the strain of being tilted head downwards. Cisternal puncture is also indicated if a block has been demonstrated by a previous lumbar puncture or by Myodil introduced by the lumbar route. The slow absorption from the subarachnoid space is an advantage because Myodil introduced cisternally will often seep past an apparently complete block after twenty-four hours, and then screening with the head down identifies the lower margin of the block.
In addition, if an examination is inadequate or equivocal, the Myodil can be re-screened for many weeks after. The author is therefore in agreement with Davies (1951) , who stated that he did not consider it necessary to remove the Myodil. The author would go farther and considers it positively undesirable to remove the Myodil because of the additional trauma which may occur to the subarachnoid space and the possibility of Myodil pulmonary embolism. After the Myodil has been introduced and the harness attached to the table, the patient is examined in the prone position. The lateral screening device makes the positioning of the Myodil infinitely easier especially in the difficult regions of the summit of the dorsal kyphosis and in the upper cervical spine. It has become routine now to examine the clivus at the base of the skull and some surgeons occasionally ask for the Myodil to be placed over the diaphragm of the pituitary fossa in cases of pituitary tumours.
If the head is not allowed to rotate, almost all the Myodil can be drained back into the spinal theca with ease. Screening in the oblique and particularly in the supine positions is very important.
Two cases illustrate the value of screening in the supine position. In one of these (Fig. 5 ) there were multiple neurofibromas in the cauda equina, and a quite large one of these was only demonstrated by supine screening. The other case was of an extensive angioma lying on the posterior surface of the cord in the dorsolumbar region, and this was only convincingly shown by radiographs taken in the supine position.
If a block is found, to be sure that this is not due to spinal curvature, the patient should be tilted at least 70 degrees both in the prone and supine positions, and manipulated and gently shaken. Often this manceuvre will reveal that an apparent block is at the summit of a spinal curvature. The new lateral screening device is of great value in demonstrating this.
Marking the level of the tumour.-If a block is found, its level should be marked by making a scratch on the skin at the level of the block. This statement needs qualification, because it is easy to place the marker inaccurately, thereby subjecting the patient to a more extensive operation than necessary and losing the confidence of the surgeon. There are three major causes for error. Firstly, the block may not be genuine. Using the technique previously described, it should almost always be possible to determine whether a block is genuine or not. The second cause for error is when radiographs are taken in one plane only, for example, the antero-posterior. If a lateral film is also taken, then the geometrical distortions inherent in a single antero-posterior film are cancelled. Thirdly, it is important to know the position into which the surgeon places the patient when he performs a laminectomy, as flexion of the spine may move a skin-marker as much as a whole vertebral segment.
The technique therefore is as follows: The patient is kept in a tilted position and a leadmarker is fixed to the skin of the back at the level of the myelographic block. Antero-posterior and lateral films are then taken; the relationships of the skin-marker, the myelographic block and the bony landmarks must be identical in both antero-posterior and lateral films (Fig. 6) . Accurate positioning of the central ray of the V FIG. 7. -Diagram representing possible design of an X-ray apparatus to deal with the difficulties encountered not only in myelograms, but in barium examinations as well. (1) Represents the X-ray tube.
(2) The screening and radiographic unit mounted on an arc so that they can rotate through 90 degrees. The patient is able to be tilted through 90 degrees head down and feet down and rotated at the same time, being enclosed in some sort of cocoon. X-ray tube at the site of the block will achieve this. Then the patient is piaced in the position adopted by the surgeon at laminectomy. Further -antero-posterior and lateral films are taken. The Myodil, of course, will no longer be hard up against the block because the patient will be in the horizontal position. The amount of movement, if any, of the skin-marker over the spinous processes can be judged from the radiograph. The marker is then re-sited so that it lies at the level of the block in the position favoured by the particular surgeon at laminectomy. It is firmly fixed with the fingers and a scratch made on the skin alongside it. This makes for accurate localization.
The apparatus described is by no means ideal, and Fig. 7 indicates possible developments of an apparatus which will answer some of the problems in many X-ray procedures, in, particular, myelography. The patient would be enclosed in a cocoon and could be rotated as well as tilted. At one end of an arc the screening and radiographic unit would be placed; at the other end of the arc the X-ray tube. This would rotate about the patient. Thus only one tube and fluoroscopic unit would be necessary to take films in any position throughout 90 degrees. The patient could also be rotated as he is tipped and the contrast medium might therefore be made to cover all the limits of the spinal subarachnoid space.
All the manceuvres mentioned have been described before but it was felt that the principles of efficient myelography should be re-stated, as with new equipment they can be more easily and rapidly performed. It is important to indicate how attempts to improve the accuracy of radiological diagnosis in this examination are being made, so that patients will suffer as few ill-effects as possible.
